INTRODUCTION
Land salinization and water resource deterioration negatively affect irrigated agriculture in arid and semiarid areas by limiting the area of arable land and reducing crop yields worldwide (Munns et al., 2015) . About 600 million people currently inhabit low-elevation coastal zones that will be affected by progressive salinization (Payo et al., 2017) . Soil salinity is a global problem that affects approximately 20 % of irrigated land and reduces crop yields significantly (Qadir et al., 2014) . Bangladesh is a low-lying flat delta at the confluence of the Ganges-BrahmaputraMeghna rivers system. The country is crisscrossed with an intricate network of rivers and also has a long coast line in its southern side which is about 710 km long and runs parallel to the Bay of Bengal through 19 districts and 151 upazillas (CZPo., 2005) . The coastal region occupies 20% area of the country. A number of environmental issues and problems are hindering the development of coastal livelihood of Bangladesh. Salinity is one of the most important issue of them, which is expected to aggravate by climate change and sea level rise and eventually affect crop production (Hossain et al., 2015) . The southern region of Bangladesh is recognized as an agro ecologically disadvantaged region. Soil salinity, water salinity and water-logging are major constraints for higher crop productivity in the south coastal region of Bangladesh (MoA and FAO, 2013) . Over 400 million hectares of soils are affected by salinity in which electrical conductivity of the root zone exceeds 4 dSm −1 at 25°C (Martinez et al., 2012) . In addition, climate change could result in increased soil surface salinity due to long periods of drought (Yeo et al., 2017) .
A recent study indicates that the salinity affected area has increased from 8,330 km 
MATERIALS AND METHODS
The study was conducted at Latachapali union of Kalapara upazila, Patuakhali district, Bangladesh. This union is the south most union of Patuakhali district and attached with Bay of Bengal. The experimental area belongs to the agro ecological Zone of AEZ-13 (Ganges Tidal Flood Plain). The soil samples were collected from 30 locations covering six villages of Latachapali union: Kuakata, Malapara, Fashipara, Khajura, Mothaopara and Tajepara. Five locations were randomly selected from each village. From each location soil samples were collected from three soil depths at 0-2 cm, 2.1-4 cm and 4.1-6 cm. Thus total 90 soil samples (6 village × 5 locations per village × 3 depths per location) were collected in the study. Geographic positioning system (GPS) reading of the sampling location is given in Table 1 . Soil samples were collected from each location by means of an auger on 16 April 2017. The collected soil samples were carried to the laboratory, air dried, broken down large macro aggregates, ground and passed through a 2-mm sieve to remove weeds and stubbles from the soil. Chemical analysis of the soil sample was done in the laboratory of the Department of Soil Science, Patuakhali Science and Technology University, Dumki, Patuakhali. Chemical analysis was done for electrical conductivity, pH, and potassium and sodium contents following standard methods. Soil electrical conductivity (EC) was measured in 1:5 soilwater suspensions and multiplied by 5 and then match with tabulated value as described by Soil Resource Development Institute, Bangladesh (Petersen, 2002 
RESULTS AND DISCUSSION

Electrical conductivity of soil
Electrical conductivity (EC) of soil was significantly influenced by soil depth. In the 0-2 cm soil depth, the EC value was 20.49 dS/m ( Table 2 ). The EC value was drastically reduced to 7.14 dS/m in 2.1-4 cm soil depth. The EC value recorded in 4.1-6 cm soil depth (4.15 dS/m) was statistically similar with EC value found in 2.1-4 cm depth. Table 2 clearly evidenced that soil salinity developed within a very thin top layer of the soil, below which the salinity level is relatively comfortable for crop growth. Salts generally are transported from a salt laden water table to soil surface by capillary rise due to evaporation. When the water table rises close to the soil surface, the net rate of water movement to the surface by capillary action may exceed the downward flow of water. Thus, salts are carried toward the soil surface where the water evaporates and salts accumulate (Ghosh et al. 2016) .
Over the locations the soils at 0-2 cm soil depth was highly saline (>12 dS/m) ( Table 2) . However, there was found a big variation among the samples. Out of 30 samples at 0-2.0 cm soil depth, only 1 was non-saline (3.3% of total samples), 2 slightly saline (6.7%), 4 moderately saline (13.3%), 3 saline (10.0%) and 20 was highly saline (66.7%). These results are consistent with Ceuppens et al. (1997) on paddy fields in the Senegal River delta showing that soil salinity progressively decreased with the increase in soil depth of rice cropping.
When soil depth effect is considered between different villages it was found that in 0-2 cm soil depth highest of 31.8 dS/m was recorded in Fashipara village which was followed by Kuakata (25.20 dS/m), Tajepara (25.11 dS/m), Mothaopara (16.32 dS/m), Malapara (13.56 dS/m) and Khajura (11.72 dS/m) (Fig. 1) .
The EC value was not significantly influenced by villages (Table 2) . Over the villages EC value varied from 6.19 to 16.52 dS/m. The lowest was in Khajura and highest was in Fashipara village. The second highest EC was found in Tajepara village (12.74 dS/m) although it was very closer to Kuakata village (12.67 dS/m).
Soil reaction (pH)
Considering soil depth effect, the lowest of 4.73 pH value was found in 0-2 cm soil depth. The pH value gradually increased with the increase of the soil depth. However, the rate of rise was not significant. The pH value in 2.1 to 4 cm and 4.1 to 6 cm soil depth was 4.99 and 5.20 which was 5.5 and 9.9% higher than the pH value found in 0-2 cm soil depth (4.73). All the soil depth mean pH value was strongly acidic. It was probably due to the accumulation of sulphate Very strongly acid <4.5, strongly acid 4.5-5.5, slightly acid 5.6-6.5, neutral 6.6-7.3, slightly alkaline 7.4-8.4, strongly alkaline 8.5-9.0 Means with the same letter in column or row are not significantly different at 5% level by DMRT Depth effect: Significant at 1.0 % level of probability, Standard error (±)-0.1333 Village effect: Significant at 0.1 % level of probability, Standard error (±)-0.1775 containing materials, decomposition of organic matter and subsequent formation of carbonic acid (Islam et al., 2014) . The increased acidity has many other negative effects on plant growth along with reduced availability of many essential plant nutrient elements. For example, when pH drops from 5 to 4 severe Al and Fe toxicity and phosphorus deficiency appears in plant (Brady and Weil, 2013 When soil depth effect was considered on village basis at 0-2 cm soil depth the Tajepara village had the highest acidity (4.19; lowest pH value). Based on the severity of acidity the villages were ranked as Tajepara (4.19) > Mothaopara (4.45) > Malapara (4.65) > Kuakata (4.91) > Khajura (5.03) > Fashipara (5.14). At 2.1-4 cm soil depth this ranking was as follows: Mothaopara (4.56) > Tajepara 
Exchangeable K content in soil
Potassium content was significantly influenced by both soil depth and villages. The ammonium acetate extractable K found in 0-2, 2.1 to 4 and 4.1 to 6 cm soil depth was 46.5, 41.0 and 39.2 ppm, respectively (Table 4 ). The significantly higher K was found in 0-2 cm soil depth. The K content found in 2.1 to 4 and 4.1 to 6 cm was statistically insignificant. The K content found in 2.1 to 4 and 4.1 to 6 cm soil depth was 11.8 and 15.7 % lower than that found in 0-2 cm soil depth.
When soil depth effect was considered on village basis it was found that at 0-2 cm soil depth the Kuakata, Malapara, Fashipara, Khajura, Mothaopara and Tajepara village had K content of 38.1, 51.7, 44.0, 50.1, 44.0 and 51.3 ppm and in 2.1-4 cm soil depth it was 34.6, 45.0, 41.5, 37.7, 38.3 and 48.8 ppm, and that of 33.9, 42,1, 38.1, 34.2, 33 .2 and 53.6 ppm, respectively in 4.1-6 cm soil depth. When K content was compared between different villages it was found that the Tajepara village had highest K content (51.2 ppm). The second highest K content was found in Malapara village (46.3 ppm). The Fashipara, Khajura, Mothaopara and Kuakata village had mean K content of 41.2, 40.7, 38.5 and 35.5 ppm.
Exchangeable Na content of soil
Significant variation was observed among the soil depths in relation to exchangeable Na content of soil (Table 5) . Among the 30 sample data exchangeable Na content in 0-2, 2.1-4 and 4.1-6 cm soil depth ranged from 129.6 to 925.9, 74.1 to 634.3 and 78.7 to 444.4 ppm, respectively. In every soil depth lowest Na content was found at Mothaopara village. Means with the same letter in last column or last row are not significantly different at 5% level by DMRT. Depth effect: Significant at 5.0 % level of probability, Standard error (±)-2.77 Village effect: Significant at 0.1 % level of probability, Standard error (±)-3.67 When mean of 30 samples was considered highest of 390.1 ppm was recorded at 0-2 cm soil depth. The lowest value of 196.5 ppm was in 4.1 to 6 cm soil depth which was not statistically different with Na content of 2.1-4 cm soil depth (261.3 ppm). Table 5 indicated that with the increases of soil depth the Na content was reduced gradually.
Considering soil depth effect in different villages it was found that the Kuakata village had highest Na content (490.7 ppm) in 0-2 cm soil depth. The second and third rank in this depth was in Fashipara (mean 480.6 mmp, range 180.6-925.9 ppm) and Tajepara village (mean 392.6 ppm, range 143.5-648.1 ppm). In 2.1 to 4 cm soil depth the highest Na content was in Fashipara village (mean 300.9 ppm, range 111.1 to 435.2 ppm). Similar trend was also found in 4.1 to 6 cm soil depth. Among the six villages across the soil depths the Khajura village had the lowest Na content having mean 333.3, 200.9 and 156.5 ppm in 0-2, 2.1-4 and 4.1-6 cm soil depths, respectively.
The study villages were not statistically different in relation to exchangeable Na content of soil. The exchangeable Na content ranged from 230.2 ppm in Khajura village to 354.9 ppm in Fashipara village. The ranking of the villages in relation to Na content was as follows: Fashipara (354.9 ppm) > Kuakata (341.7 ppm) > Tajepara (274.7 ppm) > Mothaopara (249.1 ppm)> Malapara (245.1 ppm) > Khajura (230.2 ppm).
There was a significant positive strong correlation between Na and EC in the experiment (r = 0.899; p > 0.1; Table 7) which also a good agreement with Haque et al. (2008 and . Excess sodium (Na + ) in the soil competes with Ca 2+ , K + , and other cations to reduce their availability to crops. Therefore, soils with high levels of exchangeable sodium (Na + ) may impact plant growth by dispersion of soil particles, nutrient deficiencies or imbalances, and specific toxicity to sodium sensitive plants (Machado et al. 2017) .
Na:K ratio of soil
The Na:K ratio is an important determinant for achieving tolerance capacity of plant to salt stress. Although Na is the most hazardous element in saline soil, but even its higher concentration could not be harmful until K concentration remain in lower concentration. In fact there is a competition among Na and K in saline soil for plant uptake. Thus higher the Na:K ratio is more detrimental than lower Na:K ratio. In the experiment Na:K ratio was found significantly influenced by soil depth. Table 6 indicated that highest Na:K ratio (8.80) was found in 0-2 cm soil depth. It was reduced to 6.59 in 2.1-4 cm soil depth. The Na:K ratio found in 2.1-4 cm and 4.1-6 cm (5.42) was statistically insignificant. The results are therefore clearly evidenced that top soil is very much sensitive to sodium toxicity.
The village effect on Na:K ratio was also significant. The highest Na:K ratio of 10.61 was found in Kuakata village. The second highest Na:K ratio was found in Fashipara village (8.14) which was statistically similar with Kuakata village. The lowest Na:K ratio was found in Malapara village (5.17) which was statistically similar with Khajura (5.65), Tajepara (5.66) and Mothaopara village (6.39). The results further indicated that based on mean value the village Fashipara and Kuakata are the most sensitive to Na toxicity in soil. The high K/Na ratios are essential for normal plant functioning (Chinnusamy et al. 2005) . The salt tolerant varieties show a lower Na:K ratio throughout a wide range of saline conditions (Hussain and Khattak 2005) . Means with the same letter in last column or last row are not significantly different. Depth effect: Significant at1 % level of probability, Standard error (±)-1.05 Village effect: Significant at 1 % level of probability, Standard error (±)-1.44 
